A novel thermoplastic polybenzoxazine was synthesized based on agrochemical renewable cardanol-a by-product of cashew nut shell liquid (CNSL). A solventless synthesis of monofunctional benzoxazine monomer based on cardanol, aniline and paraformaldehyde was carried out. The liquid benzoxazine monomer was characterized by 1 HNMR and FTIR spectroscopy. Curing characteristics at different temperatures were studied and monitored by differential scanning calorimeter (DSC). The appearance of two exothermic peaks associated with reaction of double bonds of the aliphatic side-chain and ring opening polymerization of benzoxazine. High thermal stability of the polymer sample was confirmed by thermogravimetric analysis (TGA).
INTRODUCTION
Polybenzoxazines (PBzs) appeared as attractive candidates over traditional phenolic polymers due to their superior properties. These include higher thermal stability, char yield, superior modulus properties, low water absorption, near zero volumetric shrinkage, and no release of byproducts during its thermal ring-opening polymerization. Another advantages of this polymer is the versatile molecular design flexibility of its monomer. Generally, benzoxazine can be readily synthesized from a phenolic compound, a primary amine ad aldehydes [1, 2] .
In recent years, the development of monomers and polymers starting from renewable resources has received significant consideration due to the increasing prices of petro-chemical products associated with growing environmental concerns. 
Synthesis of cardanol based benzoxazine monomer (C-Bz)
Cardanol based benzoxazine was synthesized by a method adopted from earlier report [7] . Cardanol (10 g, 0.033 mol) was heated to 50 °C in a 100 mL three-necked round flask equipped with magnetic stirrer and thermometer. Then paraformaldehyde (1.98 g, 0.066 mol) and aniline (3 mL, 0.033 mol) were added drop wise under vacuum environment. The temperature was gradually raised to 80 °C and kept at this temperature for 5 h. The starting of reaction indicated by evolution of water and the color changing. The reaction color changed from yellow to orange or maroon.
The reaction mixture was then cooled at room temperature and dissolved in chloroform. The product was washed three times with 2 N NaOH followed by washing with distilled water in a separating funnel. The organic phase was dried over sodium sulphate (Na 2 SO 4 ) and filtered to give a red oil. The solvent was removed under reduced pressure and then dried at 60 °C for 12 h under vacuum to obtain the final product which is monomer benzoxazine with a yield of 73 %.
Polymerization of cardanol based benzoxazines
To prepare samples for thermal characterization, benzoxazine CA-a monomer was dropped on the separate aluminum plates, put in an oven and heated simultaneously at different temperatures (160 °C, 180 °C, 220 °C) for 2 h.
Measurements

Structural characterization
Fourier transform infrared (FTIR) spectra of the samples were recorded on a Bruker Tensor37 spectrophotometer with a resolution from 4000-400 cm -1 in the absorbance and transmittance modes. The test was done at Institute of Chemical Technology, Vietnam Academy of Science and Technology (VAST), Ho Chi Minh City.
1 H (500 MHz) nuclear magnetic resonance (NMR) spectra were obtained using a Bruker Avance AM500 FT-NMR spectrometer with Fourier transform and CDCl 3 as solvent. The chemical shift is given relative to tetra methyl silane (TMS). The NMR measurements and analysis were performed at Center for Applied Spectroscopy, Institute of Chemistry, Vietnam Academy of Science and Technology (VAST), Hanoi.
High Performance Liquid Chromatography (HPLC) analysis of cardanol was done on Agilent 1200 Series coupled to MS detector, micrOTOF-QII Bruker (Agilent, USA) at Central Laboratory for Analysis, University of Science-VNUHCM. A column (C18, 150 mm × 4 mm, 5 µm) was used and the mobile phase was acetonitrile/water/acetic acid (80:20:1) at a flow rate of 1.80 mL/min. Absorbance was monitored at 280 nm.
Thermal characterization
Differential scanning calorimetric (DSC) studies were carried out on a Mettler Toledo thermal analyzer using N 2 as a purge gas, heated from room temperature to 300 °C at scanning rate of 10 °C/min.
The thermal stability of polymer was studied by thermogravimetric analysis (TGA) using a TGA Q500 instrument. The thermograms were obtained at a temperature rate of 10 °C/min from 25 °C to 800 °C under nitrogen environment.
DSC and TGA measurements were carried out at Central Laboratory for Analysis, University of Science-VNUHCM.
RESULTS AND DISCUSSION
Structural characterization of cardanol based benzoxazine
Cardanol is a monophenol compound with a C 15 unsaturated side chain at the m-position. Cardanol used in this work is a mixture of monoene (15 %), diene (15 %) and triene (47 %), and unidentified product (the rest, not isolated) as determined by HPLC (Figure 2 ). The material was used for benzoxazine synthesis without any further purification since we would like to ensure the viability of large scale commercial applications. According to Tyman et al. cardanol that has unsaturated triene bonds is easily polymerized, while the unsaturated binding of monoene and diene are more stable [7] . The content of unsaturated triene of the cardanol in this study was 47 % and higher than that of the cardanol used in other works which is always below 39 % [8, 9] , indicating that the carbon chains in this cardanol are readily available for polymerization/oligomerization by thermal.
A monomer was obtained under solvent free conditions from cardanol, paraformaldehyde and aniline in molar ratio of 1:2:1 as shown on Figure 3 . Typically, the thermogram of C-Bz reveals two exotherm peaks. The lower exotherm peak may be due to the reaction took place through unsaturation of side chain, both from internal double bond (monoene, diene) and vinyl bond (triene). This reaction could lead to the increase in viscosity of the benzoxazine monomer [3] . According to Rodrigues et al. cardanol could be thermal oligomerized at 140 °C and the dimer was the main oligomer formed. The two possible dimerization reactions are presented in Figure 7 : (I) obtained from internal double bond loss, taking the monoene as example, and (II) from vinyl loss in triene. It can be seen that decrease in ∆H values of this process was not significant because the oligomerization was slow [11] . Interestingly, this phenomenon was not observed from other reports [8, 9] . It is well known that the opening of oxazine ring occurred at very high temperature ( 200 °C), thus the peak observed at 273 °C is attributed to the polymerization temperature of the cardanol based benzoxazine. The opening of the oxazine ring at higher temperature indicates a greater stability of the ring, due to increased strength of C-O bond [1, 2] . In this case, cardanolbased benzoxazine exhibits higher curing temperature than traditional benzoxazines because of their unique molecular structure. As expected, a progressive decrease in T o and T p values with increasing polymerization temperature was found. It was also observed that the polymerization was completed at 220 °C. The increase in ∆H value of peak 1 for this sample implies that the 
